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This thesis focused on why matrotrophy has evolved in viviparous (live-bearing) reptiles. 
Matrotrophic reproduction is direct supply of nutrients by the mother during gestation 
(e.g. placental support), and it is rare in viviparous reptiles. Although a large number of 
studies have investigated the evolution of viviparity in reptiles, we know comparatively 
little about the evolution of matrotrophic viviparity in reptiles. Matrotrophic reproduction 
implies complex and increasing maternal-embryonic communications such as nutrient 
and hormone transfer via the placenta during gestation. These placental nutrient and 
hormone transfers affect offspring phenotype and, therefore, fitness. Such non-genetic 
effects on offspring phenotype are so-called maternal effects. However, the importance of 
maternal effects is still the subject of an ongoing debate in terms of fitness. In addition, 
there is a very little information on maternal effects and their relation to physiological 
mechanisms in viviparous reptiles, especially matrotrophic viviparous reptiles. 
 
Pseudemoia entrecasteauxii is one of the few known species of matrotrophic viviparous 
reptiles. The first section of this thesis focused on physiological mechanisms during 
gestation in P. entrecasteauxii to explore how the timing of placental nutrient and 
hormone transfer during embryogenesis affects embryonic development and consequently 
offspring fitness. The second section of this thesis focused on maternal effects and their 
adaptive significance in P. entrecasteauxii. In matrotrophic viviparous fish, for example, 
the evolution of matrotrophy may have been related to high maternal energy availability 
during gestation, which enhances offspring fitness through maternal effects. In reptiles, 
net energy gain is dependent on the interaction between body temperature, plasma 
corticosterone concentration and food availability. The effect of maternal net energy gain 
during gestation on offspring phenotype was examined in two experiments. In the first, 
the effect of variation in maternal thermal condition and maternal food availability during 
gestation was investigated. In the second, investigation of the effect of variation in 
maternal plasma corticosterone concentration and maternal food availability during 
gestation was conducted. For each experiment, offspring growth rate was examined using 
reciprocal transplant experiments (i.e. investigation of adaptive significance of maternal 
effects) because offspring growth rate is usually associated with fitness. In the final 
experiment, the effects of maternal food quality (i.e. food with β-carotene and food 
without β-carotene) during gestation on offspring phenotype were investigated by 
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measuring offspring immune capacity in response to antigenic stimulation. I found that 
the degree of maternal nutrient support during gestation significantly influenced offspring 
phenotype, and high maternal net energy availability during gestation potentially 
enhanced offspring fitness. These findings suggest that predictably high maternal energy 
availability during gestation may have been an important determinant for the evolution of 
matrotrophic viviparity in P. entrecasteauxii. Furthermore, findings on the effects of 
maternal corticosterone and maternal β-carotene availability during gestation on offspring 
phenotype suggest several important considerations for offspring fitness as a consequence 
of the evolution of matrotrophic reproduction in P. entrecasteauxii. Thus, this thesis 
contributes significantly to our understanding of the evolution of matrotrophic viviparity 








This long journey would not have been reached without support from many people. I 
would like to thank the following people: 
 
Sue Jones & Erik Wapstra: my supervisors for advice, criticism and encouragement. 
This project would not have been possible without them.   
Ashley Edwards, Chloé Cadby, David Sinn, Geoff While, Jo McEvoy, Laura Parsley, 
Mandy Caldwell, Mat Russell, Sarah Tassell & Yuni Kusuma: (Behavioural and 
Evolutionary Ecology Research group) for collecting animals, advice, and a stimulating 
environment in which to work.   
Adam Smolenski: for teaching management of radioactive material and the 
spectrophotometer. 
Noel Davies: the Central Science Laboratory at the University of Tasmania who carried 
out the HPLC tests. 
Gregory Woods: for immunological advice. 
Caroline Isaksson, Erin Flynn & Tobias Uller: for methodological advice. 
Debbie Ploughman & Louise Oxley: for English assistance. 
Natuki Okumura, Rie Honda, Rachel Harris & Takumi Kobayashi, especially 
Tubasa Kato: my volunteers for both field and laboratory assistance. 
Adam Stephens, Barry Rumbold, Felicity Wilkinson, Kate Hamilton, Kit Williams, 
Richard Holmes, Simon Talbot & Wayne Kelly: Staff members of the School of 
Zoology for assistance with my work. 
Frith Murray & Jarrod Coad: Staff members of the School of Chemistry for providing 
experimental equipment.  
 
Ecological Society of Australia, Holsworth Wildlife Research Endowment, Australian 
Society of Herpetologists & School of Zoology Post Graduate Travel Grant: for funding 
support. 
 
And finally to my family for absolutely everything.
 
Table of contents 
                                                                         
vi 
 
Table of contents 
 
Preface          i 
Statement of Co-Authorship       ii 
Abstract          iii 
Acknowledgements        v 
Table of contents         vi 
Chapter 1. General introduction       1 
1-1.  Evolution of viviparity in reptiles     2 
1-2.  Evolutionary steps in the evolution of viviparity in reptiles  3 
1-3.  The costs and benefits of matrotrophy in viviparous reptiles  5 
1-4.  Maternal effects       7 
1-5.  Maternal effects in reptiles     8 
1-6.  Research aims       10 
1-7.  Study species       13 
1-8.  Study sites       14 
1-9.  Presentation of the thesis      15 
1-10.  References       16 
 
Section I. Physiological mechanisms during gestation in Pseudemoia entrecasteauxii 31 
 
Chapter 2. A novel pattern of placental leucine transfer during late pregnancy in a highly 
placentotrophic viviparous lizard       32 
Abstract         33 
Introduction        33 
Materials and methods       36 
Results         39 
Discussion        43 
Literature cited        46 
 
Chapter 3. Evidence for placental transfer of maternal corticosterone in a viviparous 
lizard          50 
Abstract         51 
Introduction        51 
Materials and methods       54 
Results         57 
Discussion        60 
References        64 
 
Section II. Maternal effects and their adaptive significance in Pseudemoia entrecasteauxii 
70 
Chapter 4. Effects of variation in maternal basking and food quantity during gestation 
provide evidence for the selective advantage of matrotrophy in a viviparous lizard 71 
Abstract         72 
Introduction        72 
Materials and methods       75 
Results         79 
Discussion        88 
References        92 
 
Table of contents 
                                                                         
vii 
 
Chapter 5. Do gravid females become selfish? How do females allocate energy during 
gestation?              99 
Abstract              100 
Introduction             100 
Materials and methods            104 
Results              109 
Discussion             116 
References             120 
 
Chapter 6. Effects of variation in maternal carotenoid intake during gestation on offspring 
immune response in a matrotrophic viviparous reptile         129 
Summary             130 
Introduction             131 
Materials and methods            134 
Results              140 
Discussion             147 
References             149 
 
Chapter 7. General discussion            156 
7-1.  Evolution of matrotrophy in Pseudemoia entrecasteauxii       157 
7-2.  A major challenge: how does the maternal energy hypothesis fit for other     
reptiles?             159 
7-3.  Consequence of evolution of matrotrophic viviparity in reptiles    163 
7-4.  Future direction             165 
7-5.  References             166
